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Abstract 
Pseudolites are ground-based transmitters that send global navigation satellite system like signals. As an 
independent system for indoor positioning, pseudolites technique can be explored for a wide range of 
positioning and navigation application where the signal of satellite GNSS can’t be received. However, 
with indoor environment, the positioning method of pseudolite navigation system is not entirely same as 
GNSS, and there are some challenging issues in research and system design. In this paper, two major 
problems, near-far problem and time synchronization are studied. Firstly, near-far problem in indoor 
pseudolite positioning system is analyzed, and the near far ratio is presented. Then, based on different 
structure of pseudolite positioning system, the methods of time synchronization were researched. Finally, 
a synchronization method with navigation message is studied and the conditions of the method are 
proposed.  
Keywords:Pseudolite, Indoor, Positioning, Carrier phase,  
1. Introduction 
Global navigation satellite system (GNSS) is a space based wireless positioning system. Anywhere on 
the earth, whenever the user received signals of GNSS satellites perfectly, the user always can locate 
position by himself. However, the navigation signals from satellites are easy to be obstructed by the 
buildings, tree, wall and so on. In some situations, such as urban canyons, positioning in valleys and in 
deep open-cut mines, because the navigation signals usually are not able to be received, it will bound the 
application of satellite navigation technique more or less. Now, this problem can be solved by a new 
navigation technology that is pseudolite positioning technique [1], [2]. 
In past few years, a great deal of work has been carried out in the pseudolite-based indoor position 
system. In these systems, the broadcast frequency may be set at GPS L1 and GPS receivers can be used 
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track the pseudolite signals. In many points of measurement, the indoor pseudolite positioning and 
navigation systems are same as typical outdoor GPS system. At the same time, there are some differences 
between these two types of positioning systems [3].  
The near-far problem is an especial issue for pseudolite applications. Because the receiver is too close 
to a pseudolite, the signals from the pseudolite may be enough strong to jam the receiver that receive the 
other signal from the far away pseudolite at the same time. The effect of near-far problem is researched in 
this paper. 
Time synchronization is the other main challenge for a pseudolite navigation system. Low cost clocks 
used in most pseudolite have bigger offset than atomic clock of GPS. The clock error of 1ns can cause 
measurement error of 30cm. So, in this paper, a time synchronization procedure is presented in order to 
correct for clock errors for pseudolite navigation system. 
2. Indoor Pseudolite Navigation System Overview 
The classical kinds of pseudolite positioning systems are composed of pseudolites, transmission 
antennas, receiver antennas, a reference and user receivers. Figure 1 shows a pseudo-range measurement 
and Single-point positioning model, which is usually used for indoor application, including at least 4 
pseudolites. 
Figure 1. The Geometric Configuration between four Satellites and Station 
The measurement equation is: 
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where iuρ is measured pseudo-range from user (u) to PL (i); ix is i-th PL/GPS position vector; ux is
user position vector; utδ  and itδ are clock errors; ,iu ionΔ , ,iu tropΔ  and noiseε are the noise. 
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3. Main challenges of Indoor Pseudolite Navigation 
3.1. Near- far problem  
Pseudolite 
antenna
Near
boundary Far
boundary
Rover
Two pseudolite signals 
can both be tracked
Figure 2. Near-far effect 
When the rover receives the C/A code signals from GPS satellites, all the power of the signals is 
assumed same level and the main interference is thermal noise. According to ICD-200, a GPS receiver 
using an antenna with 0dB gain can receive the L1 C/A code at min power level of -130dBm or -160dBw. 
However, as a GPS receiver used in pseudolite positioning system, the power level of pseudolite signal 
usually has been changed and is stronger than power level of GPS signal [4].  
For example, if the receiver is too close to a pseudolite, the signals from the pseudolite may be enough 
strong to jam the receiver that receive the other signal from the far away pseudolite at the same time. 
Then, in the indoor pseudolite positioning system, strong signal of nearby pseudolite begins to interfere 
with other pseudolites signals. This is usually called the near-far problem. Fig.2 shows this problem 
schematically. 
The relationship between the distance and the power level can be described by equation (2): 
020 logrec des
d
P P
d
＝ ＋ （ ）                                                               (2) 
where Pdes is the standard power of signal that is designed with GPS receiver, Prec is power received by 
GPS receiver in reality, d0 is the distance that the signal is broadcast at Pdes and d is the distance that is 
broadcast at Prec.
Some researches show that if both C/A code signals from the transmitters are at the same power, the 
worst case of cross-correlation between the C/A code signals is at  a level about -21.6dB [1]. When there 
are near-far problem, the interference signals are consisted of not only thermal noise but also the signal 
from other pseudolites. The most of GPS receivers require the signal-to-interference ratio (SIR) of 6dB to 
track the C/S code signal, with 11dB of margin. 
If the receiver can track the signal from the transmitter at -160dBw and the interference signal from the 
nearby pseudolite is 15.6dB stronger than the signal of far away pseudolite, based on equation (2), the 
near far ratio can be calculated and it is about 6:1. 
When an indoor positioning system is designed, if any method is not used to address the near-far 
problem, the near far ratio must be obeyed. So, for the system, the application area covered by pseudolites 
is limited. In recently years, some methods have been presented to solve the near-far problem. The main 
methods include using signal pulse pseudolite, frequency offsets, and using different pseudorandom noise 
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(PRN) code from the C/A code. The methods of frequency offsets or using different PRN need to change 
the GPS receiver design with hardware or software more or less. Now the useful method is improved the 
pseudolite transmitter to broadcast pulse signals. 
3.2. Time synchronization 
In all of satellites navigation systems, even used atomic clock, satellites clock errors are the main error 
source affecting performances of positioning. For this reason, in order to be able to get higher precise 
positioning service, the one main operational task of operational control system (OCS) in GPS is time 
synchronization of satellites [5]. The OCS collects the tracking data, calculates the clock correcting 
parameters and uploads the results with the data message. Then, the user can retrieve such clock 
correcting parameters to compute PVT solutions. For pseudolite navigation system, the same problem of 
clock error also has to be solved. It is highly desirable to develop synchronizing strategies suitable for 
various operating environments. Various techniques have been proposed to deal with these problems. 
In particular, all pseudolites can be designed with the same atomic clock and synchronized to GPS 
time. Then there is not any clock error in theory. On the other hand, the pseudolite can be design as a 
transceiver that has both the transmitting and receiving function. When sufficient GPS satellites are in 
view, the transceiver can receive the signal of GPS and used accurate GPS time to solve for the pseudolite 
clock offset from GPS time. So, this form of a pseudolite transceiver may synchronize its transmitted 
signal. Apparently, with the especial design of pseudolite, the atomic clock or pseudolite transceiver 
makes the pseudolites applications expensive. 
Typically pseudolite transmitters equipped with low cost crystal oscillators (or ‘clocks’). The 
positioning system with this kind of pseudolites operates independently called unsynchronized mode. So, 
in an indoor pseudolite positioning system, a time synchronization procedure has to be provided in order 
to correct for clock errors. Generally, based on the difference structure of positioning system, there are 
two methods to make time synchronization for the unsynchronized mode. 
Table 1. Information on the satellite clock of navigation message 
Clock Parameters Location Bits Minimum Unit 
WN 61-70 10 1 week 
TGD 197-204 8 2-31 second 
toc 219-234 16 2-55 second 
af2 241-248 8 2-55 second / second2
af1 249-264 16 2-43 second / second 
af0 271-292 22 2-31 second 
toe 277-286 16 24 second 
The first method is the double-difference carrier phase measurement model using a reference. In this 
case, the standard data double-differencing procedure must be used to eliminate the PL and receiver clock 
biases, as is done in GPS carrier phase data processing. The advantage of this method is that the 
pseudolites including the navigation message don’t have to be improved. The drawback is that a data link 
between the rover receiver and the reference is needed to provide the difference measurements for rover. 
Otherwise, a specialty positioning terminal must be design to compute PVT solutions with the 
measurements from the rover and the reference. Furthermore, in a single positioning mode used 
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pseudolites within a positioning system, this method can’t deal with the time synchronization, which has 
been one of technical challenges in pseudolite-only applications. 
Because pseudolites transmit the synchronization parameters in the same fashion as GPS in the 
generated navigation message, the other method is the receiver using the ephemerides of data message 
from pseudolite to correct for clock errors. With this method, the system needs a monitor station that can 
track the data and calculate calculates the clock correcting parameters the like GPS. Essentially, the 
ephemerides contain records with information on the satellite clock as table 1 shows.  
Where toc is satellite clock reference epoch, af0 is satellite clock offset, af1 is satellite clock drift, af2 is 
satellite clock frequency drift, WN is current GPS week, and te is ephemerides reference epoch.  
The satellite clock error a an observation t is able to be computation with clock parameters by a 
polynomial clock model 
   ( ) ( )20 1 2f f oc f oc r GDt a a t t a t t t TΔ = + − + − + Δ −                                              (3)
So, if the clock errors are reduced to the level of 1ms with a simple procedure, the more accurate time 
synchronization can be resolved by the navigation message. With this method, the centimeter-level 
positioning accuracy can be achieved using just one receiver. 
4. Conclusion 
In this paper, an indoor pseudolites navigation system is designed. The main challenge near-far 
problem is analyzed, and the near far ratio is presented. Then, based on different structure of pseudolite 
positioning system, we researched the methods of time synchronization. Finally, a method with navigation 
message is studied and the application conditions of the method are proposed. 
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